A systematic radiological survey has been carried out in the region of high-background radiation area in Kollam district of Kerala to define the natural gamma-radiation levels. One hundred and forty seven soil samples from high-background radiation areas and five samples from normal background region were collected as per standard sampling procedures and were analysed for 238 U, 232 Th and 40 K by gamma-ray spectroscopy. External gamma dose rates at all sampling locations were also measured using a survey meter. , respectively, in the study area. Such heterogeneous distribution of radionuclides in the region may be attributed to the deposition phenomenon of beach sand soil in the region. Radium equivalent activities were found high in several locations. External gamma dose rates estimated from the levels of radionuclides in soil had a range from 49 to 9244 nGy h 21 . The result of gamma dose rate measured at the sampling sites using survey meter showed an excellent correlation with dose rates computed from the natural radionuclides estimated from the soil samples.
INTRODUCTION
High-background radiation areas (HBRA) contribute significantly to the population dose from terrestrial radiation. Terrestrial component of natural radiation originates mainly from the primordial radionuclides 238 U, 232 Th and 40 K present in the soil. Environmental radiation levels and hence the exposure can vary from place to place depending on the concentration of these radionuclides. Exposure to ionising radiation from natural sources is a continuous and unavoidable feature of life on earth and the greatest contribution comes from natural background radiation. The worldwide average annual effective dose per capita is 2.4 mSv (1) . However, much higher levels of exposure are usual for inhabitants of natural high-background radiation areas. The major sources responsible for exposure are naturally occurring radionuclides in the earth's crust such as 232 Th, 238 U and 40 K, which occur in abundance in minerals such as monazites and zircons. These nuclides have longer half-lives so that they continue to exist for centuries. These radionuclides impart not only the external dose to the human beings but also causes ingestion and inhalation doses to human body through intakes (air, water and food) (2) . There are a few regions in the world known as high-background radiation areas where the radiation levels were found high, varying over an order of magnitude depending upon the sitespecific terrestrial radioactivity (3) . In India there are quite a few monazite-sand-bearing placer deposits causing high background radiation along its long coastline. The well-known HBRA regions in India are in Kollam along the southwest coast of Kerala, Ullal in Karnataka and Manavalakuruchi in Tamilnadu (3 -5) . In Kollam the 55-km coastal strip of Karunagapally region is known for its rich monazite deposits on its beaches. Some villages of Karunagapally provide a unique situation where the population numbering more than 100 000 has been living in the high-natural background radiation area for generations (6) . The major occupation in the area is fishing and population occupancy at outdoors (beach sand) is comparable to their occupancy in indoors. A large number of houses in the area are thatched, mostly made of beach sand materials and coconut leaves with the exception of 10 % houses made of reinforced concrete cement construction. A good number of houses in the region has their own vegetable backyard and consume milk from the local cattle farm. Being a coastal region, fish is the most common item in their food. The inhabitants in the region are also fond of tapioca, a locally grown tuber. These foodstuffs being locally grown can cause a higher ingestion dose to the population through the soil, water and food chain. Therefore, the estimation of primordial radionuclei levels in surface soil in the region is of great importance in terms of radiological concern.
MATERIALS AND METHODS
Estimation of natural radioactivity in soil first involves the selection of sampling sites and sampling procedure. The region selected for the study was the coastal strip extending about 10 km from Neendakara to Karunagapilly.
The soil sampling locations were selected towards the north of Neendakara Bridge up to Karunagapilly, with a span of 200 m between the locations along the National Highway 47 (NH47) passing almost parallel to the western coastline. Three samples each from a total of 49 locations (making a total of 147 samples) were collected for the study. The samples were coded as 'A', 'B' and 'C' series based on their location with respect to NH47 separating the beach side and the inside land. 'A' series stands for samples collected 100 m east of NH47, while 'B' and 'C' series samples were from west side of NH47; 50 and 100 m away from the NH47 towards the coast. In addition, the samples were collected from the normal background radiation area (NBRA) away from the coastal region for a comparative analysis. These samples were marked as 'D' series. Figure 1 shows the sampling locations.
From each sampling location, soil sample representing 1 mÂ1 m was collected up to a depth of 15 cm after removing surface soil of about 10 cm from the top. Soil samples collected in polythene bags were brought to the Laboratory, and blending and processing of the samples were done as per the sampling protocol given by Environmental Measurements Laboratory Procedure Manual (7) . Wet weight of the samples was taken and then dried in an oven for 24 h at 1108C. The dried samples were then milled and sieved through a sieve of 1Â1 mm size. The processed samples were then filled in cylindrical plastic containers of diameter 6.5 cm and height 7.5 cm. The dry weight of each sample was noted before analysis. Sealed samples were stored for more than 40 d to ensure secular equilibrium of progeny nuclides.
Samples External gamma dose rates at each sampling location were measured using a GM-based survey meter. Readings were taken at 1 m height from the ground and the average of three readings was recorded for each sampling point. Latitude and longitude details of sampling locations were also noted using a GPS. The study area is bound by latitude 8856'N and 9803'N and longitude 76831'E to 76832'E approximately.
The radiation dose (nGy h
21
) expected to be present at the sampling location (normally measured at 1 m height) resulting from the natural radionuclides in the soil at the sampling locations were computed using the dose conversion coefficients given by UNSCEAR 2000 (Equation 1 ) (1) :
where C U , C Th and C K are the activities of 238 U, 232 Th and 40 K, respectively, in soil samples (in Bq kg 21 ).
RESULTS AND DISCUSSION

Gamma dose
Results of the soil samples (147 samples from HBRA and 5 samples from NBRA) by gamma-ray spectroscopy are summarised in Table 1 . It can be seen from Figure 1 that samples of 'A' series are collected from a region that is separated by the NH47 from the beach sand. 238 U and 232 Th values in these samples were found to be lower as compared with the other two sets of samples collected from the beach sand region. It is to be assumed that fresh deposits have not occurred in this region after the demarcation from the beach sand by the high way. Deviation in values is also found lower in this region (GSD1.6) compared with beach sand areas. When comparing uranium and thorium values of 'A' region with background areas (D), the values in 'A' region are found to be higher by the order of three to four times, indicating deposits spread over to the region over the years. The spread of activity distribution in the beach sand samples (B and C) are found to be more as compared with other regions. This wide variation can be attributed to fresh deposits in pockets depending on land contours and wave patterns prevailing at various seasons. Results also show that the 40 Figure 2 shows the distribution of the Ra eq (Bq kg 21 ) in the three sampling areas (A, B and C). Results show a left-skewed log -normal distribution. The geometric mean value shows a slight increase in concentration in the area closer to the land (B series) compared with the value for the samples (C series) nearer to the sea bed. The difference being marginal (,5 %) and the spread in values in 'C' series being larger it may be difficult to conclude any findings unless samples from closer grids are collected and studied. Table 2 gives exposure rates (nGy h 21 ) calculated using Equation 1 and annual dose using the conversion factor of 0.7 Sv Gy 21(1) . A log-normal distribution of the data is plotted in Figure 3 . Fifty per cent value computed from the graph is also shown in Table 2 .
The geometric mean values from the measured data and 50 % value calculated from the graph (Table 2 ) matches well indicating a balanced distribution of data for the samples collected from the study area. Annual dose computed from the exposure rate (using the 50 % value from the graph) for total occupancy is given in Table 2 . The annual exposure value from external gamma dose in the coastal region is found to be of the order of seven to eight times more when compared with natural background region. The natural gamma background level reported by UNSCEAR 2000 is 0.46 mSv (1) . Results show that even the background samples collected from the local area (5 -6 km from the HBRA region) have gamma levels almost two times more than the normal background region.
Gamma dose: measured and estimated
Gamma doses measured using survey meter were compared with doses computed from the estimated natural radionuclides from the sampling locations (Equation 1). The doses are plotted with measured values on the x-axis and calculated doses on y-axis (Figure 4) . A correlation coefficient of 1 indicates the closeness in measurement methods between the two approaches. A slope of 1.075 shows an increase of gamma dose in calculated values compared with the measured values show the difference in the calibration factors between the two methods. However, this being ,10 % is acceptable in field measurements. The most important finding in the results is the intercept of 39.8 nGy h 21 , which clearly indicates an added dose measured by the survey meter. This could be attributed to the cosmic component of the dose for the region and it matches closely with the reported values for the region (9) .
CONCLUSIONS
Concentration of radionuclides in the beach sand is found to vary much, indicating pockets of deposits at a few locations. In most of the cases, levels of 40 K were found below minimum detectable levels in beach sand area. For NBRA a less heterogeneous distribution of radionuclides is seen. Thorium levels in NBRA are very small as expected. The annual exposure in HBRA due to external gamma dose is found to be of the order of seven to eight times more as compared with the natural background region. The average annual external dose rates from the radionuclides are higher by a factor of about 1.5 in the beach regions as compared with the worldwide (Figure 4 ), indicating the consistency of the measurement methods. Findings (Figure 4 ) also indicate that the cosmic component of the gamma dose is 39.8 nGy h 21 for the study area.
